Abstract. High-resolution O K edge x-ray absorption near-edge structure spectra of the high-T c cuprates of (Tl 0. (Cd, Pb-1212) were measured by a bulk-sensitive total x-ray fluorescence yield technique using synchrotron radiation. Near the O 1s edge, the pre-edge peak at ∼528.3 eV is ascribed to the transitions to O 2p holes located in the CuO 2 planes. The intensity of this pre-edge peak increases with increasing doping level of Ca 2+ into the Y 3+ sites in Tl, Pb-1212, Hg, Pb-1212 and Cd, Pb-1212. The results can provide insight into the understanding of hole distribution and the role of holes in superconductivity in 1212-type cuprates which may give a direction to the search for new high-T c materials.
Introduction
It is generally agreed that the hole states in p-type superconductors are localized on the oxygen sites [1] . Moreover, there are generally several nonequivalent oxygen sites in the cuprate superconductors. It is therefore expected that the O K edge x-ray absorption spectrum will show multiple pre-edge peaks due to different environments of oxygen.
The Tl-, Hg-and Cd-based septenary cuprates (A 0. 5 Tl, Pb-1212 system exhibits superconductivity over the homogeneity range x = 0-0.5, showing a maximum T c of 108 K at x = 0.2 [2] . However, towards the high end of the Ca doping, the T c values of these compounds decrease, which leads to a dome-shaped curve. Moreover, it is worth pointing out that there is no solubility limit between the Ca and Y ions in the Tl, Pb-1212 system. The chemical substitution of Ca 2+ for Y 3+ in the Hg, Pb-1212 system leads to an increase in the superconducting temperature (T c ) from 15 K for x = 0.6 to 90 K for x = 0.3. For x < 0.3, the hole concentration could not be further increased, which may arise because the solubility limit of Ca incorporated into the Y sites is about 70%. Such a phenomenon can also be found in the Cd, Pb-1212 system where the maximum T c is observed around 30 K at x = 0.5. However, the solubility limit of Ca substituted into the Y sites in the Cd, Pb-1212 system is only 50%.
Here, we report soft x-ray absorption spectra at the O K edge in the series of (A 0.5 Pb 0.5 )Sr 2 (Ca 1−x Y x )Cu 2 O 7 (A = Tl, Hg or Cd) samples using a bulk-sensitive x-ray fluorescence yield detection method.
Experimental details
Samples with nominal compositions of (A 0.5 Pb 0.5 )Sr 2 (Ca 1−x Y x )Cu 2 O 7 (A = Tl, Hg or Cd) were prepared by a solid-state reaction method which has been reported in detail elsewhere [2] [3] [4] . The x-ray absorption measurements were carried out on the 6 m high-energy spherical grating monochromator beamline of the Synchrontron Radiation Research Centre (SRRC) in Taiwan [5] .
Results and discussion
In figure 3 high-resolution O K edge x-ray absorption near-edge structure (XANES) spectra for the series of (Tl 0.5 Pb 0.5 )Sr 2 (Ca 1−x Y x )Cu 2 O 7 samples in the energy range 526-550 eV are shown; these were obtained by measuring the total x-ray fluorescence yield. As the Ca doping increases, this gives rise to a new pre-edge feature at ∼528.3 eV (as indicated by arrows in figure 3 ) for x ≤ 0.5. In addition, this pre-edge peak for x = 0 in to the excitations of O 1s electrons to O 2p holes located in the CuO 2 planes. On the basis of analyses of the data by curve fitting, the intensity of this pre-edge peak increases linearly with increasing Ca doping for 0 ≤ x ≤ 0.5. This clearly demonstrates that the effect of chemical substitution of Ca 2+ for Y 3+ is to induce hole states in the CuO 2 planes near the Fermi level. In the underdoped region (x > 0.2), an increase in the intensity of this pre-edge peak leads to an increase in T c , showing that holes generated in the O 2p orbitals within the CuO 2 planes play an important role in controlling the T c values of the Tl, Pb-1212 system. However, in the overdoped region (x < 0.2), an increase in the hole concentration within the CuO 2 planes via Ca doping gives rise to a decrease in T c . Moreover, an increase in the intensity of the second pre-edge peak (∼529.4 eV; as indicated by straight line) and a decrease in the intensity of the third pre-edge peak (∼529.9 eV) with increasing Ca content were observed, corresponding to an increase in the hole concentration within the apical oxygen sites (O2) and a decrease in the hole concentration within the hole reservoir Tl-O3 layers, respectively. This may provide evidence to demonstrate that the hole transformation is from the hole reservoir layers of Tl-O3 through apical oxygen (O2) into the CuO(I) 2 On the basis of recent studies of electronic structures in the HgBa 2 Ca n−1 Cu n O 2n+2+δ compounds for n ≤ 3 by Pellegrin et al [7] , they have assigned the low-energy pre-edge peak at ∼528.3 eV to O 2p hole states within the CuO 2 planes. This assignment was supported by the polarized x-ray absorption measurements on singlecrystal HgBa 2 Ca 3 Cu 4 O 10+δ [7] . The structural arrangement of (Hg 0.5 Pb 0.5 )Sr 2 (Ca 1−x Y x )Cu 2 O 7 is similar to that of HgBa 2 CaCu 2 O 6+δ . We therefore adopt the same scheme in the discussion of the present data. The pre-edge peak at ∼528.3 eV in figure 4 (as indicated by arrows) for the series of (Hg 0.5 Pb 0.5 )Sr 2 (Ca 1−x Y x )Cu 2 O 7 samples can be ascribed to the excitation of O 1s electrons to O 2p holes located in the CuO 2 planes. As seen from figure 4, the intensity of this pre-edge peak increase with increasing doping level of Ca 2+ into the Y 3+ sites. This indicates that chemical substitution of the low-valence Ca 2+ ions for the high-valence Y 3+ ions in the underdoped Hg, Pb-1212 system gives rise to an increase in O 2p hole states within the CuO 2 planes near the Fermi level and consequently enhances T c .
In figure 5 , we show the O K edge XANES spectra for the series of (Cd 0.5 Pb 0. 
Conclusion
In this study, we report high-resolution O K edge XANES spectra for the series (A 0.5 Pb 0.5 )Sr 2 (Ca 1−x Y x )Cu 2 O 7 (A = Tl, Hg or Cd) using a bulk-sensitive x-ray total fluorescence yield technique. Near the O 1s edge, the pre-edge peak at ∼528.3 eV is ascribed to the core-level excitations of O 1s electrons to O 2p helps located in the CuO 2 planes. The intensity of this pre-edge peak increases linearly with Ca doping. This indicates that the effect of chemical substitution of Ca 2+ for Y 3+ is to induce hole states in the CuO 2 planes near the Fermi level. The intensity of this pre-edge peak closely correlates with the compositional variation of the superconducting transition temperature, showing that holes generated in the O 2p orbitals within the CuO 2 planes play an important role in controlling the T c values of these systems. According to the present XANES study, it is interpreted that the transition from superconductors to semiconductors of (A 0.5 Pb 0. 
